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(57) ABSTRACT 

The invention pertains to a method for controlling a trans 
ducer device (7) featuring supply lines (17, 18) in a level 
sensor. The transducer device (7) is coupled to a fork 
resonator With fork tines and is used for both oscillation 
excitation and also for oscillation detection. For detection of 
a defective transducer device or an incorrectly connected 
connection of this transducer device (7), the capacitance 
value betWeen the supply lines (17, 18) or a variable 
proportional to this value is determined during the oscilla 
tion excitation and if there is deviation from a predetermined 
desired value by a predetermined amount, a fault signal is 
generated. 
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METHOD FOR CONTROLLING A TRANSDUCER 
DEVICE IN LEVEL SENSORS AND DEVICE FOR 

CARRYING OUT SUCH A METHOD 

[0001] The invention pertains to a method for controlling 
a transducer device in level sensors according to the pre 
amble of claim 1, as Well as to a device for carrying out this 
method. 

[0002] Such a method is knoWn e.g., from German Patent 
Application No. DE 19 621 449 A1 of the applicant. This 
document also describes the design in principle of a fork 
resonator, Which is hereby expressly and completely incor 
porated as a reference for the purpose of this application. 

[0003] A general requirement in oscillating resonators and 
oscillating fork systems is the monitoring of connector plugs 
and lines for breaks betWeen the transducer device, Which is 
generally formed as a pieZoelectric actuator, and the evalu 
ation electronics. 

[0004] Until noW, this problem has been solved, e.g., by 
feeding back the transmitted signal over a corresponding 
second parallel line. If the feedback signal is missing, then 
there is a defect in the connection, and the sensor electronics 
produce a fault signal. HoWever, based on the corresponding 
high technical expense, e.g., required by the doubling of 
signal lines and plug connector terminals, is Well as by the 
associated evaluation circuit, in practice it must be suf?cient 
to monitor the ground line, Which alloWs only the detection 
of gross errors, such as a possibly unplugged plug connector 
or severed cable Wire. 

[0005] Another solution to the problem is described in the 
initially cited German Patent Application No. DE 19 621 
449 A1 of the applicant. Here, a resistor is connected in 
parallel With the pieZoelectric element used for monitoring. 
The signal change generated in this Way is compensated by 
equal and out-of-phase poWer supplied to a resistor. If there 
is an interruption at an arbitrary point of the signal current 
circuit, then the current balancing point is disturbed and the 
oscillating frequency of the fork resonator leaves the nomi 
nal operating region, Which leads to the output of a fault 
signal. 

[0006] The problem With this last solution is that for 
reduced-siZe oscillating forks With three times the oscillating 
frequency relative to standard oscillating forks, the parallel 
resistor must have a value that is three-times smaller in order 
to effect a sufficient frequency shift in the error case for 
tripled idle currents. HoWever, the usable signal is exces 
sively damped by such a reduced-siZe parallel resistor. 
Furthermore, the mounting of a monitoring element on the 
actuator is only possible by complicated means due to the 
extremely narroW spatial requirements for reduced-siZe 
oscillating forks. In addition, for high-temperature operation 
of the oscillating forks, the parallel resistor and its contacts 
must be suitable for prolonged exposure to such high 
temperatures (e.g., 200° C.). 

[0007] The task of the invention is to present a method and 
a device that monitor the entire poWer circuit of the trans 
ducer device for interruptions Without requiring additional 
lines or components on the actuator element itself. In 
addition, the method or device to be disclosed should 
prevent signal damping and should guarantee failure secu 
rity of the entire system. 
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[0008] This task for the method is solved through the 
features of claim 1. 

[0009] A device for carrying out the method is the object 
of claim 11. 

[0010] Re?nements of the invention are the object of the 
subordinate claims. 

[0011] The essence of the invention is that during the 
oscillation excitation, the capacitance betWeen the lines of 
the transducer device or a variable proportional to it is 
detected, and if there is deviation from a predetermined 
desired value by a predetermined amount, then a fault signal 
is generated. Thus, simultaneously during the oscillating 
process, the capacitance of the transducer device, e.g., of the 
pieZoelectric element of such a transducer device including 
the cable supply line is determined and When a predeter 
mined value is not met, a fault signal is produced. 

[0012] The capacitance measurement is done preferably 
through evaluation of the current or the amount of current 
(charge) that ?oWs during discharge of the pieZoelectric 
element and supply line. 

[0013] The method according to the invention and a 
device for carrying out the method are explained With 
reference to an embodiment in connection With tWo ?gures. 
ShoWn are: 

[0014] FIG. 1, a block circuit diagram of a vibration level 
limit sWitch, and 

[0015] FIG. 2, the temporal Waveforms of several signals 
of the circuit shoWn in FIG. 1. 

[0016] In the folloWing embodiment, an individual pieZo 
electric element is shoWn in FIG. 1 as an excitation and 
detection element. HoWever, it can be replaced by a trans 
ducer With a similar effect (e.g., several pieZoelectric ele 
ments, inductive transducer or the like). 

[0017] The block circuit diagram shoWn in FIG. 1 as an 
example of a vibration level limit sWitch has an ampli?er 
device 1, 2, 3 and a transducer device 7, preferably a 
pieZoelectric transducer device, that is connected in the 
feedback loop of the ampli?er device. In detail, the ampli?er 
device comprises an ampli?er 3 With a base frequency band 
?lter 2 connected to the output of the ampli?er and a 
Zero-crossing detector 1 or a square-Wave generator stage 1 
connected to the output of the band ?lter. The output of the 
Zero-crossing detector 1 is connected to the input of an 
integrator. This integrator features an operational ampli?er 
6. The non-inverting input of this operational ampli?er 6 is 
connected to reference potential. The inverting input is 
connected, on the one hand, via a capacitor 5 to the output 
of the operational ampli?er 6 and on the other hand, via a 
resistor 4 to the output of the Zero-crossing detector 1. The 
output of the operational ampli?er 6 of the integrator is 
connected via a supply line 17 to a terminal of the transducer 
device 7. The other terminal of the transducer device 7 is 
connected via a supply line 18 to a terminal of a resistor 8. 
The other terminal of the resistor 8 is at reference potential. 
The connection point betWeen resistor 8 and the supply line 
18 is also connected to an input terminal of a change-over 
sWitch 9. Another input terminal of the change-over sWitch 
9 is at reference potential. The output terminal of the 
change-over sWitch 9 is in contact With the input of the 
ampli?er 3. The change-over sWitch 9 is sWitched by a 
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control signal taken from the output of an EXOR gate 16. A 
?rst input of this EXOR gate is connected to the output of 
the Zero-crossing detector 1 and at the same time to the free 
terminal of the resistor 4 not connected to the operational 
ampli?er 6. A second input of the EXOR gate 16 is con 
nected to the output of a comparator 15 Whose non-inverting 
input is at reference potential and Whose inverting input is 
likeWise connected via a resistor 13 to the output of the 
Zero-crossing detector 1. BetWeen reference potential and 
the inverting input of the operational ampli?er 15 or com 
parator 15 there is a capacitor 14. 

[0018] The line 18 is also connected to a comparator 11 
exhibiting hysteresis, and in this Way the line 18 is in contact 
With the inverting input of the comparator 11. The non 
inverting input of this comparator 11 is connected on the one 
hand via a resistor 10 to reference potential and on the other 
hand via another resistor 12 to the output of the comparator 
11. The output of the comparator 11 is connected to a 
frequency evaluation stage 20. The frequency evaluation 
stage 20 generates an optical and/or acoustic fault signal 
When it determines by the means and method to be explained 
beloW that the transducer 7 is not correctly connected or that 
there is a line defect in the circuit arrangement shoWn in 
FIG. 1. 

[0019] The folloWing functional procedure results for the 
circuit shoWn in FIG. 1. 

[0020] The oscillator detection signal ampli?ed by input 
ampli?er 3 is fed to the base frequency hand ?lter 2 Which 
generates the ?ltered and phase-corrected, almost sinusoidal 
intermediate signal E. This signal is transformed by the 
Zero-crossing detector 1 into a square Wave signal A. By 
means of knoWn sensors, this signal A is used as the 
excitation signal for the pieZoelectric element 7. 

[0021] The signal A is led to an integrator 4, 5, 6 for 
reducing its harmonic content. The integrator generates the 
trapeZoidal signal B. The integration time constant is chosen 
by means of the components 4, 5 such that the operational 
ampli?er 6 reaches its maximum and minimum ?nal value 
Emax, Emin, respectively, from 0 15 to 0.30%, preferably 
about 25% [sic; 0.25%], of the half-cycle T/2 of signal A. 
Because the operational ampli?er 6 preferably features a 
rail-to-rail output stage, these values correspond to the 
positive and negative operating voltages U-, U, respectively 
[sic; Ur, U-, respectively]. Thus, the signal B has the full 
operating voltage sWing and has edge characteristics de?ned 
by means of resistor 4 and capacitor 5 through the integra 
tion process. Compared With the square-Wave signal A, the 
trapeZoidal signal B has strongly reduced harmonics, so that 
in the pieZoelectric oscillating element 7, only minimum 
mechanical harmonic content is excited. 

[0022] The voltage-time area of the signal B is someWhat 
smaller compared With that of the square-Wave signal A but 
clearly greater than that for a sinusoid. For the same poWer 
supply voltage, the signal B enables an advantageously 
greater excitation supply in comparison With a sinusoid. 

[0023] The current ?oW through the pieZoelectric element 
7 is measured at the measurement resistor 8. The How 
consists of the discharge current of the pieZoelectric element 
7 required by the excitation signal and the pieZoelectric 
charge quanta based on the mechanical fork resonator oscil 
lation. The signal C shoWs the superimposition of both 
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current components. The separation of the oscillation detec 
tion signal and the operating signal is done by means of 
change-over sWitch 9. The sWitch blanks the undesired 
discharge current in the detection signal according to the 
measurement of a control signal D by grounding the signal 
input of the input ampli?er 3 curing the discharge phase. The 
control signal D required here is derived from signal A 
because by means of resistor 13, capacitor 14, and com 
parator 15, an auxiliary signal that is phase-shifted and 
inverted relative to A is generated. Signal D results from 
taking the exclusive-or of this auxiliary signal and the signal 
A in EXOR gate 16. The loW phase of the control signal D 
de?nes the time of the signal blanking and is alWays chosen 
to be someWhat longer than the rising or falling signal phase 
in signal B. 

[0024] The signals B and C are transmitted by means of 
lines 17, 18 to the pieZoelectric element 7. If one of these 
lines of the electronics is severed, the oscillations of the 
oscillator are interrupted, Which is recogniZed by the evalu 
ation electronics connected at the output as an error state, 
HoWever, if the interruption is at the pieZoelectric element, 
then the oscillator oscillates at a certain cable length of the 
lines 17, 18 because it is fed back through the remaining 
cable capacitance. 

[0025] The oscillating frequency is dependent on the 
remaining cable length as Well as electromagnetic noise and 
can be in the nominal operating region of the oscillating fork 
so that the defect cannot be recogniZed by the frequency 
evaluation electronics connected at the output, if necessary. 

[0026] For functional monitoring of the pieZoelectric sup 
ply lines 17118[sic; 17, 18], the capacitance betWeen these 
lines is measured during the oscillating process. 

[0027] The pieZoelectric capacitance is usually around 2 
nF and the cable capacitance is usually a maximum of 
around 0.5 nF. A determination Whether the pieZoelectric 
element is connected is thus unambiguously possible by 
referring to the capacitance value. 

[0028] For this purpose, the signal C that contains the 
pieZoelectric discharge current and that is measured across 
measurement resistor 8 is evaluated by means of comparator 
10, 11, 12 With hysteresis. The resistors 10, 12 give the 
comparator 11 a sWitching hysteresis that is symmetrical 
about ground potential. During the rising or falling signal 
phase of B, voltage amplitudes that are proportional to the 
rate of change of signal B and to the sum capacitance of 
pieZoelectric element 7 and lines 17, 18 appear across 
measurement resistor 8. The sWitching hysteresis of the 
comparator 11 is chosen to be a siZe so that the capacitance 
of the lines 17, 18 cannot effect a change of the comparator 
11, While for the connected pieZoelectric capacitance, the 
comparator 11 sWitches to the opposite position for each 
edge change of signal B. Thus, there is a signal at the output 
of comparator 11. This signal corresponds to signal A 
relative to the differences in propagation time and is supplied 
to an error evaluation unit that is not shoWn in greater detail. 

[0029] Here, the input of the frequency evaluation stage is 
not connected to the signal A, Which corresponds to the state 
of the art, but instead it is connected to the output signal of 
the comparator 11. Thus, an interruption in the pieZoelectric 
current circuit leads to a response from the oscillation fault 
monitoring in the frequency evaluation stage. 
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[0030] Because the comparator circuit 10, 11, 12 and the 
measurement resistor 8 permanently carry the normal mea 
surement signal, it is impossible for there to be an unnoticed 
fault of these circuit parts. Thus, the conformance to TUV 
requirement class 3 is met. 

[0031] While the current circuit monitoring method by 
means of parallel resistors or feedback lines is merely an 
indirect check of the pieZoelectric element current supply, 
the described method enables direct control of the pieZo 
electric element relative to physical presence in the current 
circuit through measurement of the pieZoelectric element 
capacitance. 
[0032] FIG. 1 represents a practical embodiment of an 
arrangement in Which a pieZoelectric element is excited 
electrically harmonics-poor, Wherein a detection signal for 
the mechanical oscillation is derived from the same pieZo 
electric element With reference to the pieZoelectrically gen 
erated charge quanta, and the internal capacitance is mea 
sured during the oscillation process from the same 
pieZoelectric element. 

[0033] The harmonics-poor excitation of the pieZoelectric 
element can obviously also be used Without the line break 
detection described in the embodiment. In addition. several 
pieZoelectric elements instead of a single pieZoelectric ele 
ment can be used. Finally, the harmonics-poor excitation is 
also possible here, Where one or more pieZoelectric elements 
are used exclusively for the oscillation excitation. 

[0034] Although a capacitive transducer, via., a pieZoelec 
tric element, Was described as the transducer device in the 
embodiment, an inductive transducer can also be used. As 
the variables to be monitored, then the inductance value 
betWeen the lines of the transducer or a variable proportional 
to this value can be detected. 

List of Reference Numbers 

[0035] 1 Zero-crossing detector 

[0036] 2 Base frequency band ?lter 

[0037] 3 Ampli?er 

[0038] 4 Resistor 

[0039] 5 Capacitor 

[0040] 6 OP ampli?er 

[0041] 7 Piezoelectric element 

[0042] 8 Resistor 

[0043] 9 Change-over sWitch 

[0044] 10 Resistor 

[0045] 11 OP ampli?er, comparator 

[0046] 12 Resistor 

[0047] 13 Resistor 

[0048] 14 Capacitor 

[0049] 15 OP ampli?er 

[0050] 16 EXOR gate 

[0051] 20 Frequency evaluation stage 

[0052] A Signal 
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[0053] B Excitation signal 

[0054] C Signal 

[0055] D Signal 

[0056] E Sinusoid 

[0057] V+ Positive poWer supply potential 

[0058] V- Negative poWer supply potential 

[0059] Rmax Maximum level 

[0060] Rmin Minimum level 

[0061] Emax Maximum level 

[0062] Emin Minimum level 

[0063] I Period 

[0064] F1 Rising edge 

[0065] F2 Falling edge 

1. Method for controlling a transducer device (7) With 
supply lines (17, 18) in a level sensor, in Which the trans 
ducer device (7) is coupled to a fork resonator With fork tines 
and is used for both oscillation excitation and also oscilla 
tion detection, characteriZed in that during the oscillation 
excitation, the capacitance value betWeen the supply lines 
(17, 18) or the inductance value or a variable proportional to 
these values is determined, and if there is deviation from a 
predetermined desired value by a predetermined amount, 
then a fault signal is generated. 

2. Method according to claim 1, characterized in that the 
fault signal is generated if the predetermined desired value 
is not reached by a predetermined amount. 

3. Method according to claim 1 or 2, characteriZed in that 
the determination of the capacitance value or the inductance 
value is achieved through evaluation of the current or the 
current amount and thus the charge that ?oWs in the trans 
ducer device (7) and supply lines (17, 18) during discharge 
processes. 

4. Method according to one of claims 1-3, characteriZed 
in that the measurement range for the capacitance measure 
ment is in the nF range. 

5. Method according to one of claims 1-4, characteriZed 
in that a faultless operation is signaled if the detected 
capacitance value is greater than approximately 1 nF, in 
particular, greater than approximately 2.5 nF. 

6. Method according to one of claims 1-5, characteriZed 
in that a fault operation is signaled if the detected capaci 
tance value is less than 1 nF, in particular, less than approxi 
mately 0.5 nF, Whereby a fault signal is output. 

7. Method according to one of claims 1-6, characteriZed 
in that for determining the capacitance value, the discharge 
currents ?oWing in the transducer device (7) are measured at 
a measurement resistor (8) and evaluated in a comparator 

(11). 
8. Method according to claim 7, characteriZed in that the 

comparator (11) has a sWitching hysteresis. 
9. Method according to claim 8, characteriZed in that the 

sWitching hysteresis is chosen to be symmetrical. 
10. Method according to one of claims 1-9, characteriZed 

in that the sWitching hysteresis of the comparator (11) is 
chosen to be a siZe such that a capacitance (7) or inductance 
given only by the lines (17, 18) does not lead to a change of 
the comparator (11), While for lines (17, 18) that are cor 
rectly connected to the transducer device (7) there is a sWitch 
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of the comparator (11) after measurement of edge changes of 
an excitation signal (B) supplied to the transducer device 

11. Device for carrying out the method according to one 
of the claims 1-10, characteriZed in that a transducer device 
(7) is connected in a feedback loop of an ampli?er arrange 
ment (1, 2, 3), an ohmic measurement device (8) is con 
nected to a ?rst supply (18) of the transducer device (7), 
Where this ?rst supply can be connected to the input of the 
ampli?er arrangement (1, 2, 3), discharge currents of the 
transducer device can be transformed in the transducer 
device into an electrical signal, this measurement device (8) 
is connected to a ?rst input (—) of a comparator (11) Whose 
second input (+) is at a given potential, and a frequency 
evaluation stage (20) is connected to the output of the 
comparator (11), Where the frequency evaluation stage gen 
erates a fault signal if a signal that can be measured at the 
output of the comparator (11) does not meet a predetermined 
frequency. 

12. Device according to claim 11, characteriZed in that an 
integrator (4, 5, 6) is arranged betWeen an output of the 
ampli?er arrangement (1, 2, 3) and a second supply line (17) 
of the transducer device 

13. Device according to claim 11 or 12, characteriZed in 
that the ampli?er device (1, 2, 3) features an input ampli?er 
(3) With a base frequency band ?lter (2) connected to the 
output of the input ampli?er and a square-Wave generating 
stage (1) on the output side. 

14. Device according to one of claims 11-13, character 
iZed in that the measurement device (8) features a measure 
ment resistor (8) connected betWeen reference potential and 
the ?rst line (18) of the transducer device. 
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15. Device according to one of claims 11-14, character 
iZed in that the comparator (11) is fed back through an ohmic 
device (12) betWeen output and second input 

16. Device according to one of claims 11-15, character 
iZed in that another ohmic device (10) is connected betWeen 
reference potential and second input (+) of the comparator 
(11). 

17. Device according to claims 15 and 16, characteriZed 
in that the ohmic devices (10, 12) are resistors, and said 
resistors are dimensioned so that the comparator (11) eXhib 
its a sWitching hysteresis that is symmetrical to the reference 
potential. 

18. Device according to one of claims 11 -17, character 
iZed in that a change-over sWitch (9) is arranged betWeen the 
input of the ampli?er device (1, 2, 3) and the ?rst supply line 
(18) of the transducer device (7), Where the change-over 
sWitch sWitches (9) either reference potential or a signal (C) 
that can be measured at the ?rst supply line (18) of the 
transducer device (7) to the input of the ampli?er device (1, 
2, 3) according to the measurement of a change signal 

19. Device according to one of claims 11 - 18, charac 
teriZed in that the transducer device (7) is a pieZoelectric 
transducer device. 

20. Device according to claim 19, characteriZed in that the 
pieZoelectric transducer device features merely a pieZoelec 
tric element that is provided for both oscillation excitation 
and also oscillation detection. 


